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Introduction

In the last RAN4#94e meeting, there were some discussions on IAB MT power related issue and WF [1] was approved for further discussion. Therefore in this contribution, we want to share some further inputs on these open issues. 
Discussion 
For IAB-MT power related issue, there are following open issues which is mentioned in the previous meeting.

IAB-MT power class or maximum power limitation from DU perspective. 

IAB-MT Tx dynamic range requirement ;

IAB-MT Tx power control requirement; 
In the following section, we will discuss each requirement respectively.  

2.1 IAB-MT power class or maximum power limitation 

For legacy NR UE, there are 4 different types of power class on the purpose of practical usage in FR2 and 2 different types of power class in FR1. For IAB-MT, we need to further discuss whether it’s necessary to define the power class requirement and consequently how to define the power class requirement and it’s related RF requirement.

According to the basic RF design principle discussed in the previous meeting, IAB-MT and IAB-DU might share the same hardware and therefore the similar RF capability. For FR1 NR BS, regarding the maximum output power limitation, there are some existing threshold for lower capability BS class,e.g.38dBm for medium range and 24dBm for local area based on the HetNet DL coexistence study. In addition, for FR1 NR BS with AAS architecture, it’s allowed that maximum output power power could be scaled up with NTXU,counted AND which is limited up to 8 from regulatory requirement perspective. However for FR2 NR BS, there are no such limitations for different BS class which is clarified that narrow beamforming could alleviate the HetNet coexistence issue for FR2. If reviewing the antenna configuration assumed for IAB node in FR1 and FR2 in the IAB coexistence study, the quite narrow beamwidth is also assumed at least for Macro IAB node and Micro IAB node, therefore maybe similar logic could be applied for IAB nodes based on the experience for FR2 NR BS. Therefore it’s proposed not to define maximum output power limitation for IAB DU at least for FR2 and the same story for IAB-MT in FR2 as no baseline capability from IAB-DU side. In other words, there are no power class indication from IAB-MT capability report before RRC connection established, from the IAB network scheduling perspective, IAB-MT PHR report is still essential as IAB-MT power class might cannot provide accurate information given that MPR or A-MPR backoff is up to UE implementation and RSRP based PL measurement will bring additional uncertainty to actual IAB-MT transmitted power. 
For FR1 IAB-MT, from the capability perspective, it’s slightly different story as FR2 IAB nodes, as there are baseline capability defined for IAB-DU side inherited from legacy FR1 NR BS, however this cannot be directly reused for FR1 IAB-MT due to MIMO layer difference supported in DL and UL in NR. In NR DL, 8 MIMO layers could be supported for SU-MIMO and 12 MIMO layer could be supported for MU-MIMO, however for NR UL, only 4 MIMO layer could be supported at most. In other words, if necessary to define power class for FR1 IAB-MT and referencing the capability from IAB-DU side, then no power class capability could be defined for Wide-area IAB-MT and 38dBm+10*log10(NTXU,counted AND) for Medium range IAB-MT and 24dBm+10*log10(NTXU,counted AND) for Local area IAB-MT where is limited up to 4 instead of 8. 

Based on the above considerations and tentative work plan for R16 IAB WID, it’s proposed not to define the IAB-MT power class.
Proposal 1: For IAB-MT, not to define the power class.

2.2 IAB-MT Tx dynamic range requirement
Tx dynamic range or mini output power is usually defined based on the coexistence simulation study not to cause strong interference to the adjacent carrier operation. The minimum distance between IAB-MT and IAB-DU is agreed tentatively as 40m. However according to the companion contribution [2], 40m is not sufficient enough for free space isolation from both IAB-MT RX dynamic range preferred or IAB-DU RX dynamic range agreed. As proposed in the contribution [2], it’s proposed to define the mini distance between Wide-are IAB-MT and IAB-DU as 133m for FR2 and 333m for FR1, therefore the previous simulation assumption agreed might not be valid anymore, or we could trigger next round of IAB coexistence after the completion of IAB-MT class discussion.  Based on the timeline for IAB coexistence study, we want to discuss the IAB Tx dynamic on its usage instead of coexistence study before the completion of IAB-MT power class discussion. As the IAB network should be well planned in LOS channel especially for mmWave operation considering the penetration loss for concrete wall, therefore IAB-MT power should be fixed. Channel condition might change due to the shadow fading sometime, therefore the maximum Tx dynamic range per IAB link should be used to compensate the shadowing fading experienced by IAB-MT. Looking at the following tables extracted from TR 38.901 channel modelling report, for different deployment scenarios, shadow fading deviation is different due to different environment. Therefore, it’s proposed that for Wide-area IAB-MT Tx power, to define the Tx dynamic range as 10dBc; for Medium range IAB-MT Tx power, to define the Tx dynamic range as 10dBc; for Local-area IAB-MT Tx power, to define the Tx dynamic range as 8dBc. It’s noted that 2dB margin considered in its proposed value.

Proposal 2: 

For Wide-area IAB-MT Tx power, to define the Tx dynamic range as 10dBc

For Medium range IAB-MT Tx power, to define the Tx dynamic range as 10dBc;

For Local-area IAB-MT Tx power, to define the Tx dynamic range as 8dBc;   
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2.3. IAB-MT TX power control requirement:

Before discussing the IAB-MT TX power control requirement, we need to compare the IAB-DU Tx power accuracy requirement and IAB-MT power control requirement and to confirm whether IAB-DU Tx requirement is enough. 

For IAB DU Tx power accuracy,it is used to test BS to maintain its maximum output power with certain accuracy. From BS hardware perspective, BS only need to detect the output power and adjust its output power according to detected output power and experienced temperature to calibrate the output power to certain level. Basically speaking, this is purely BS internal implementation without considering other external signals.

2.3.1 Absolute power tolerance 

Regarding legacy UE absolute power accuracy for setting initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20 ms. The tolerance includes the channel estimation error RSRP estimate. 

For Macro IAB network, it should be well planned and deployed in practice, therefore the PL between different IAB nodes could be measured accurately at least and the initial transmission output power could be pre-defined by the vendors. Indeed, it’s not just about Macro IAB nodes, other types of IAB network should also be well planned if looking at analysis in the companion contribution [2]. If IAB nodes are randomly deployed, there are high possibility that IAB-DU or IAB-MT receiver might be blocked unfortunately. 

In addition, for FR1 NR absolute power accuracy requirement inherited from LTE and WCDMA spec where the received SNR for RSCP in WCDMA or RSRP in LTE is -6dB which is much less than achieved SNR for IAB backhaul transmission. Similar story sis expected for FR2 NR UE. In other words, the UE absolute power accuracy requirement is not needed for IAB-MT. 
Proposal 3: UE absolute power accuracy is not needed for IAB-MT;

2.3.2 Relative power tolerance 
Regarding the relative power tolerance, in the legacy NR UE spec, there are small step size specified with relative small tolerance and medium step size/large step size with relatively larger tolerance. However as mentioned before, IAB Tx dynamic range might be limited within 10dB which is much less than the existing step size specified. In addition, in the past, the relative tolerance was evaluated on PUCCH ACK/NACK error ratio and capacity loss, however for the link between different IAB nodes, the expected SNR should be much better than legacy NR UE.In other words, the relative power tolerance could be relaxed slightly. 

In addition, regarding 20ms transmission gap, it was defined for VoIP service or SPS service between BS and UE, however for IAB backhaul transmission, this might be not valid application scenario. 

Proposal 4: to further discuss the relative power tolerance for IAB-MT and transmission gap time.

2.3.3 Aggregated power tolerance 

Regarding the aggregated power tolerance, in the legacy NR UE spec, it was mainly used to guarantee the power drifting within certain range after multiple TPC command. This might be necessary if multiple TPC command is configured to IAB-MT in consecutive subframes or non-consecutive subframes within [21ms], then IAB-MT power aggregated power tolerance is still essential for the guarantee of uplink PUCCH/PUSCH performance.

Proposal 5: to further discuss the aggregate power tolerance for IAB-MT.
Conclusions
In this contribution, we shared some further inputs on IAB MT class definition and proposals are made as following:

Proposal 1: For IAB-MT, not to define the power class.

Proposal 2: 

For Wide-area IAB-MT Tx power, to define the Tx dynamic range as 10dBc

For Medium range IAB-MT Tx power, to define the Tx dynamic range as 10dBc;

For Local-area IAB-MT Tx power, to define the Tx dynamic range as 8dBc; 

Proposal 3: UE absolute power accuracy might be not needed for IAB-MT;

Proposal 4: to further discuss the relative power tolerance for IAB-MT and transmission gap time.
Proposal 5: to further discuss the aggregate power tolerance for IAB-MT.
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